. SBV infection has a much more pronounced impact on honeybee development than 50 DWV; honeybee larvae with high levels of the virus have a gondola-shaped sac-like appearance 51 with tough leathery skin and die before pupation. It is likely that SBV is transmitted from the 52 larvae killed by SBV to in-hive worker honeybees, which subsequently transmit the virus to 53 young larvae (Bailey, 1969) .
54
In this study, by using RNA-Seq, we analyzed global honeybee transcriptional responses 55 to both DWV and SBV. We further analyzed the impact of DWV and SBV on the expression of 56 several immune related genes of the honeybee by real-time PCR (qRT-PCR). We found that 57 different sets of genes were differentially expressed (DE) in honeybee larvae with high levels of 58 either DWV alone or SBV and DWV combined, and that high SBV infections had a more 59 significant impact on global gene expression in the honeybee compared to high levels of DWV, 60 in particular on the expression of immune-related genes. We found, in both larval feeding and 61 pupal injection experiments, that high levels of SBV were associated with up-regulation of the 94 previously described 
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Approximately 10 million 101 nt reads were produced for each library (Table 1) (Table 1) . The observed increase of the SBV load was similar to 159 previously reported differences between the SBV levels in asymptomatic honeybee larvae with 160 low SBV levels and the symptomatic larvae with high SBV (Blanchard et al., 2014) .
RNA-Seq analysis reveals that high levels of DWV, and SBV with DWV co-infection, evoke
163 different transcriptional responses in orally infected honeybee larvae 164 We stratified the RNA-Seq samples according to the levels of DWV and SBV (high and low) 165 into three groups, "Control" (samples 1 and 2), "DWV" (sample 3), and "SBV+DWV" (samples , Table S3 . . 2) . Indeed, GO analysis (Table 2, 230 like proteins, GB48820 and GB54611) ( Table 3) . We propose that these changes in gene 231 expression may result in suppression of the melanisation pathway.
232
To further explore the possible connection between the replication of DWV and SBV and 233 the expression of the AMPs controlled by the Toll pathway (defensin-1, GB41428), or the Imd 234 pathway (hymenoptaecin, GB51223), and the components of the melanisation pathway (putative 235 serpin, GB48820, and prophenoloxidase activating enzyme, GB50013), we quantified gene 236 expression levels in orally-infected larvae (Fig. 1A) by qRT-PCR. While no increase of DWV 237 levels was observed at 4 dpi via the oral route compared to the PBS control, the SBV levels in 238 the virus-infected group were significantly higher than in the control, PBS-exposed insects ( Fig.   239 3A) . After 9 days post inoculation, the control insects exposed to the buffer (PBS) and to the 240 UV-inactivated virus mixture of DWV and SBV (UV-vir) showed equally low levels of SBV and 241 DWV (Fig. 3B) . These results demonstrate that in vitro manipulations did not activate replication 242 of SBV and DWV that may already have been present at low levels in experimental larvae or 243 pupae.
244
As before, resulting pupae that developed from larvae fed with infectious virus were 245 stratified according to the observed SBV and DWV levels at 9 dpi (Group "hSBV" -high SBV 246 and low DWV levels, Group "hDWV" -high DWV and low SBV levels, and Group 247 "hSBV/hDWV" -high levels of both tested viruses) and the expression level of honeybee 248 immune genes of interest was quantified (Fig. 3 ). Both AMPs, hymenoptaecin and defensin-1, 249 were up-regulated in Group "hSBV" insects but remained at control levels in Group "hDWV" 250 individuals (Fig. 3D, F) . The level of hymenoptaecin increased, but to a lower level in Group 251 "hDWV/hSBV" than Group "hSBV" (Fig. 3D) whereas expression of defensin-1 was similar in 253 by the level of SBV (which was lower in absolute terms in Group "hSBV/hDWV" than in Group 254 "hSBV"). Alternatively, the elevated levels of DWV in Group "hSBV/hDWV" may suppress 255 Imd pathway activation -which controls expression of hymenoptaecin -but not the Toll 256 pathway-controlled defensin-1. Group "hSBV" and "hSBV/hDWV" samples had elevated 257 expression of the putative serpin and reduced expression of PPAE compared to Group "hDWV" 258 or controls fed PBS or UV-inactivated virus preparation (Fig. 3H, 3J) , implying that altered 259 expression of these two melanisation pathway genes could be a result of elevated SBV levels 260 (Fig. 3B) . The qRT-PCR analyses were in good agreement with the RNA-Seq data (Table 3) . 266 We therefore investigated gene expression changes in pupae directly inoculated by injection 267 (Fig. 1B) . We observed no pupae with high virus levels in the PBS-injected control group at 2 268 and 5 dpi, while high levels of DWV were observed in the DWV-injected pupae, and high levels 269 of both SBV and DWV were present in pupae injected with the SBV+DWV virus mixture ( Fig.   270 4A, B) . Table 1 Summary of the NGS libraries of the larval oral inoculation experiment. Table 2 Gene ontology (GO) Biological Process (BP) terms associated with the up-regulated and down-regulated differentially expressed genes in the honeybees of the larval feeding NGS experiments (only the top 10 over-represented GO PB terms with the lowest p-values are shown). 
Table 2. Gene ontology (GO) Biological Process (BP) terms associated with the upregulated and downregulated differentially expressed genes in the honeybees of the larval feeding NGS experiments (only the top 10 overrepresented GO PB terms with the lowest p-values are shown).

Contrast 3 Upregulated DE genes GO Term P-value Sample frequency
